A novel paddlewheel flow sensor has been developed which based on a hydrophobic fibre-optic pick-up is designed in this paper, it presents the theory, operation principle, design of the sensor. The hydrophobic fiber optic head is the sensing part, which can provide two different reflective signals output by rotation of rotor, light pulse frequency is proportional to the flow-rate. Signal acquisition and processing is realized based on LabVIEW, the information of signal waveform and flow velocity in a pulse time can be processed and displayed on the front panel real time. The flow sensor provides a completely passive measuring system for gas and liquid flows, it is rather cheap and inherently safe. The detector unit can provide either a pulse output or convert the signal into flow units. Preliminary experimental testing on the flow sensor has been carried out, the results confirmed that the design is feasible.
Introduction
The turbine(paddlewheel) flow sensor(meter)is a type of flow metering device very commonly adopted for measuring liquid flow rates, which is often preferred to alternatives in many engineering applications, the reason is that it possesses the advantages of relative simplicity in installation and operation combined with ruggedness and acceptable accuracy for the general use of these instruments in commercial recording for various liquids. The first turbine flowmeter was reported in 1938 [1] . In the past decades, many turbine flow sensors(meters) [2] [3] [4] [5] [6] [7] have been developed to determine the flow rate. Many researchers have made on turbine flow sensor and gained many achievements. Traditional turbine flow sensors have a number of drawbacks: bulky, high manufacturing cost, vulnerable to electromagnetic fields, restricted by turbine blade material easily. Compared with the traditional turbine flow sensor (electronic and MEMS sensors), fiber optic flow sensors possess a number of significant advantages, i.e. easy to operation, high sensitivity, long lifetime, immune to electromagnetic field, remote sensor, etc. In the recent years, flow-rate measurement using optical fiber devices has been reported based on the blades of the turbine adjusting the strength of the reflected light [8, 9] , important progress has been made in optical fiber flow sensors. But most of them are difficult for practical application due to the complex and immature measuring techniques and the high cost. This paper describes a novel non-invasive fibre-optic flow sensor based on a simple reflective sensor and the matured turbine flow sensor. The sensing components include the hydrophobic optical fiber head and a little water, was placed in a sealed glass tube, embedded in one turbine blade. In the following parts, we will introduce the fundamental principles of the sensor and the signal-processing method. The preliminary experiment results and a concise summary are also presented.
Measurement Method
To implement a frequency-measurement mechanism in an optical fiber intensity sensor, many different methods can be used. Here, we adopt a fiber optic refractive index sensor to achieve the goal of frequency measurement (Su & Huang 2007) .
The principal configuration of the turbine flow sensor is shown in Figure 1 . Both the turbine and paddlewheel can be used in the sensor, i.e, the rotor, whose blades may be flat or helical, with its axis of rotation parallel or perpendicular to the direction of flow. in this paper, for the convenient of design, a paddlewheel, with a shaft axis perpendicular to the flow direction, is described. Figure 1 shows a simplified rotor assembly developed for use with the fiber optic pick-up, a schematic diagram of the rotor, which contains six blades, with an axle rotating in bearing, a sealed glass tube is embedded on one of the blade, the hydrophobic fiber head and a little water is sealed in the glass tube. The fiber optic sensor, used to collect the intensity of reflected light of the hydrophobic fiber head. When fluid flows through the conduit in some certain flow-range, the rotor rotates proportionally to the flow rate. Owing to the hydrophobic of the fiber head, once the paddlewheel rotates, Optical fiber head is alternately exposed to air and water, accordingly, the intensity of the reflected light changes alternately, the amount of light coupled into the return fibre(s) is varied, the refractive index fiber optic sensor will pick up the light pulse, then, the light pulse signals from the probes are transmitted to the central controlling computer, light signal acquisition and processing will be completed by the software (written by LabVIEW). For the fluid flow rate is proportional to the rotational speed of paddlewheel, i.e, they are proportional to the frequency of the light pulse, then volumetric flow velocity can be calculated out.
In this paper, the varying light intensity is obvious and readily detected. In this sensor, the input fiber is the same as the return fibre, which makes the device greatly simplified. 
Software Measurement Method
The refractive index sensor in system designed contains the signal acquisition and transmission on the DAQ (Data Acquisition) board and the display and analysis on the computer. In other words, the DAQ board mainly plays the role of signal acquisition. Data will be collected each time and will be sent through the serial port to PC, where the LabVIEW's VISA interface works as signal processing, A flow rate monitoring system was designed using LabVIEW 8.6, functions such as data acquisition, signal process and display, and data storage, are all implemented in software. The structure of software is shown in Figure 2 . Data acquisition module is used to achieve the function of acquisition, transmitting the intensity of light coming from the sensing part and the reference end into computer. Signal process and display module is used to preprocess the optical signal, then the periodic variation of optical signal is treated as the fluid velocity, the periodic fluctuation of optical signal and the fluid velocity display on front panel in suitable method. Data storage module is used to save signal data to hard disk in computer. The communication of computer and optical power meter is realized through serial port RS232.
Scale conversion. In fluid velocity monitoring system, scale conversion is the core. Values obtained by computer aren't values of fluid velocity. They are only values of analog voltage signal corresponding to light intensity. In our monitoring system, what need to observe and analysis is actual fluid velocity value. So it is needed that to convert obtained pulse frequency of light intensity into fluid velocity, the process is called scale conversion. When fluid flows with a constant medium viscosity within a certain range of flow velocity, the rotor rotates proportionally to the flow rate. So the flow rate can be achieved by measuring the rotational speed of the blade. The scale conversion was implemented by formula:
(1) where ν represent the flow velocity, f represent the pulse frequency of the light intensity, K and C is constant, which can be obtained according to the calibration experiment.
By this system, flow rate change information can be real-time obtained, and can be displayed on monitoring screen. The whole system consists of three modules (Figure 2 ). The system is compact, the interface is friendly, and easy to operate. As can be seen from the equation (1), to get the actual flow velocity, frequency measurement is the most important step. In this paper, the outputs from the optical power meter are pulse signals, they are almost standard square wave signals because the reflective light intensity has a steep change when the fiber optic head into or out of water. the conversion of Light-to-Frequency is implemented by LabVIEW software frequency measurement algorithm. The time of turbine rotor running a circle is defined as the time interval, the frequency is determined by measuring the time interval between adjacent break, as illustrated in Figure 3 . According to the actual need, front panel diagram is designed as shown in Figure 5 . The whole process of monitoring system is: first initialize the related parameters corresponding to the hardware structure and the board, such as correction factor, power meter coefficient, set the sampling rate and specify the data storage paths. Then, make the system be a stable state before the measurement through System calibration. After everything is ready, press the start button, system start to collect the data, the reflected light signal (converted to refractive index) can real-time display through the waveform chart. In order to freely control optic fiber signal displaying, we designed three parts related with display, namely, waveform display, numerical display of flow velocity and parameter display of two optical power meter, such as: channel, power, unit, and wavelength of the light source, which is convenient for observation and analysis in the experimental process. We can choose freely where to store the data according to experimental purpose. After acquisition has been completed, the flow velocity data documents in electronic format file to the appointed place according to the pattern setting.
Experiments Results
Apparatus: Figure 1 shows the general arrangement of the apparatus. Two Lightcomm OPM2012AA optical power meters connected to the computer via the RS-232C port is used for and collecting the reflected light. The apparatus is controlled by a MS Windows computer and home-built software written in LabVIEW, the signals were collected data in fixed intervals (can be adjusted), corresponding flow rates were calculated and saved it as the excel format.
Materials: All analytical reagent grade chemicals and deionized water were used. The preparation of hydrophobic optical fiber head: 1. The cleaning of optical fiber head. Firstly, The optical fiber head were cleaned for 10 minutes in acetone solution with an ultrasonic cleaner, rinsed with deionized water. Secondly, ultrasonic cleaning for 10 minutes in Anhydrous alcohol, deionized water washing. Thirdly, cleaned for 10 minutes in deionized water with an ultrasonic cleaner, rinsed with deionized water, dried in nitrogen atmosphere. Then, immersed in a mixed solution of sulfuric acid and hydrogen peroxide (Volume ratio 4:1), deionized water washing. And then, ultrasonic cleaning for 5 minutes in 5% HF solution, rinsed with deionized water. At last, rinsed with deionized water, dried in nitrogen atmosphere. 2. Preparation of super-hydrophobic silica films on the optical fiber head (Hou et al. 2007 ). 3. Modification of silica film by trimethylchlorosilane (Wang et al. 2004 ). 
Results and Analysis:
The data acquisition system about flow velocity monitoring is built according to principle diagram in Figure 1 . The pulse light signal and the real-time velocity data (Given a value of the constant K and C, for no condition to do calibration test) is as shown in Figure  6 based on LabVIEW acquisition system. By measuring results, the system can well realize data acquisition and data process function. It will be noted that the curve is very steep, The reflected light signal (converted to refractive index) is square wave signals, the cyclical change matches the periodical rotation of the rotor, which is consistent with theory analysis. In the experiments of the turbine flow sensor, light signal mutate which is tally with the actual situation, showing that our system can be well tracking signal changes and realizing data acquisition function and can be tracking flow velocity monitoring. Theoretical analysis and experimental results confirm each other, showing the correctness in theory and designing experiment. Repeat tests show that signal has a good stability and repeatability.
The design used in this new sensor is not only low power consumption, but also greatly reduces the requirements of materials for turbine blades, also is able to adapt to harsh environment. Design of Software. Through software measurement algorithm to calculate the rotor rotation frequency in real time, combined with the correction factor Φ and C coming from the calibration test, precise measurements of the flow rate at a pulse time can be realized.
Summary
Based on the optical fiber refractive index sensing devices, paddlewheel rotor and LabVIEW software, this paper made the integration design of fluid velocity monitoring system. The paper analyses its structure, hardware and software, and gives the simulation experiment results of the sensor, experimental results are congruent with the theoretical analysis, realizing the research goal. The flow sensor is easy to fabricate, energy saving, and has reliable results of flow measurement, it is completely passive and immune to electromagnetic or radio frequency interference, suitable for remote fluid flow velocity measurement and on-line monitoring of liquid and gas in the hazardous and difficult environments. Moreover, the methods of design in this paper are worth advocating and promotion, also beneficial to research on other rotational fluid machines.
